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EXECUTIVEBUMMARY

As the use of alternative energy proliferates, the fire service hastilied a number of areas of
concern with hazard mitigation and emergency response. This inchalas power systems
which are introducing new and unexpected hazards to fire fighters and other emergency
responders.

The goal of this report is to assetaland disseminate best practice infortraa for fire fighters
and fireground incident commanders to assist in their decision making process for hafigding
incidents in buildings equipped withsolar power systems or in the systems themselves.
Specificlly, this study focuseon structural fire fighting in buildings and structures involving
solar power systemstilizingsolar panels that generate thermahd/or electrical energywith a
particularfocus on solar photovoltaic panels used for electric pogeneration. The project
deliverables will be in the form of a written reposhich will include best practicethat can
serve as the basis for training program development by others.

The deliverables for this project collectively review the avail&lalseline information, identify

the fundamental principles and key details involving fire/rescue tactics and strategy, provide a
summary of core basics, and address and clarify related issues such as training needs, areas
needing further research, revisiots codes/standards, and other applicable topics.

A companion study to this report focusen electric andhybrid electric vehiclerather than

solar power system@ Fire Fighter Safety and Emergency Respondgléatric Drive an#lybrid

Electric Vehick > Ct wCO0 @ ¢CKA& KIa Ol 1 Ssbn assemblig &ndi A O
disseminating best practice information for fire fighters and fireground incident commanders to
assist in their decision making process. This companion report addresssgercy events
involving electric drive andhybrid electric vehicle, both near or within structures (e.g.
residential garage)

This overall initiative (consisting of the repoi®®lar Power Systenand Electric Drive and
Hybrid Electric Vehiclgss fundedthrough a U.S. Department of Homeland Security (DHS)
Federal Emergency Management Agency (FEMA) Assistance to Firefighters Grant (AFG).
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1. INTRODUCTION ANBACKGROUND

Amongst the new challenges facing the U.S. fire service is the changing nature of emergency
response to incidents where alternative energy sources are in use. ThalEmmative energy
describes any ahe various renewable power sources thadn be used in place of conventional
fuels such as petroleum and other fossil fuels.

The fire service has identified a number of areas of particular concern with respect to hazard
mitigation and emergency response in these scenarios. As the usdeofiative energy
proliferates, it introduces new and unexpected hazards that confront and challenge responders
in an emergency.

Some fire service organizations are in the process of developing recommended emergency
response procedures and best practiceasalocal or regional basis; in other jurisdictiphasic
information on the hazard and appropriate response is lacking or not currently available. This
project will take a comprehensive national look at the needs of the fire service for credible
information and best practices in order to address these topics for first responders and provide
an overall coordinated perspective on this topic.

The goal of this report is to assemble and disseminate best practice information for fire fighters
and firegroundincident commanders to assist in their decision making process for handling fire
incidents in buildings equipped with solar power systems or in the systems themselves.
Specifically, this study focusen structural fire fighting in buildings and structwenvolving

solar power systemstilizingsolar panels that generate thermahd/or electrical energywith a
particularfocus on solar photovoltaic panels used for electric power generdgiea Figurd-1

for an example of a solar power system on a tgpresidential occupancy)

While this report addresses issues of concernsolar power systemsa separate companion
report addresses electric drive arybrid electric vehiclg, andit specificallyaddresseghose
emergency events involvinglectric dive andhybrid electric vehiclg either near or within
structures (e.g.residential garage) The project deliverables will be in the form of a written
report, whichwill include best practicethat can serve as the basis ftie developmentof
trainingprograns by others.

This report will focus orolar power systemthrough the following specific tasks:
(1) Collect and analyze applicable scientific studies, case study reports available
operational and training guidance from various sources;
(2) Synthesie this information in the form of best practice guidance for emergency
response;
(3) Make the project deliverables broadly available to the fire service throughnenand
print methods, and generate awareness of its accessibility; and
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(4) Determine if standatization of safety practices is feasible and if so disseminate
information to those involved, including submittal of possible revisions to applicable
codes and standards.

The first of these tasks is key, which is to collect and analyze all applicabigfiscgtudies,
training guidance, case study reports and loss data, and available emergency response guidance
relating tosolar power systems This task includes an interactive eti@ workshop involving
expertson fire service and other subjeatatter..

The goal of the onelay workshopwas to identify, review, and assemble best practice
information for tactical and strategic decisionaking by fire fighters and fireground incident
commanders, to assist in their decisioraking process when respondingfice and/or rescue
emergency events involvingplar power systems The workshop will focus on the following
objectives:
1 Collectively review the available baseline information provided to participants prior to
the workshop;
1 Identify the fundamental priciples and key details involving fire/rescue tactics and
strategy, and provide a summary of core basics; and
1 Address and clarify related issues such as training needs, areas needing further research,
revisions to codes/standards, and other topics applieab the overall workshop goal.

Figurel-1: Example of Home with a Photovoltaic Solar Power System in Milton, MA
(Photo courtesy of NREL Photographic Information Exchange)
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2. OVERVIEW OBOLARPOWERSYSTEMS

Technology offers great advantages tlygnerally make our world a better place. Yet when it
fails it can introduce new and unusual challenges for emergency respondersolahgpower
systemsproliferate, fire fighters and other emergency first responders need to be prepared to
handle the hazals they present.

This section provides the baseline information necessary to understand and adequately address
the technology usedbr solar power systemsThis includes some brief historical information on

the development of the technology, clariftten of the basicsolar paneltypes currently
availableand marketplace trends, discussion of available loss information, and a summary of
applicable information resources.

Evolution of Technology for Harnessing Energy from the Sun

Life on planet Edn is fully dependent on the incredible energy of the Sun. As mankind has
intellectually evolved, he has learned to directly harness this energy for practical everyday uses.
Today, solar power has come into the mainstream and today is a practical amedsmgly
common alternative power source to conventional fossil fuels.

Solar
Thermal

Photovoltaic

>

Figure2-1: Basic Methods for Harnessing Solar Energy

The three basics means of capturing iy Q& S y dsEesolad(i.BOY LIG dzNA y 3§ K
energy in building desigand construction)solarthermal (i.e., sunlight converted to heat); and
photovoltaics(sunlight converted to electricity) Thesebasic methods for harnessing solar
energyare illustrated inFigure2-1. Generally, the evolution of the technology forrhassing

the sdzy Qa Sy SNHe& 2 Qa3sivhdA Rnan¥ seNtBirids agoA (nKthe last several
centuries thishas given way to the development dfolar thermal technologyand in more

recent decadedy photovoltaic technological advancements
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Mankind has been harnessing the energy of the sun for thousands of years. Since as early as
the 7th century BC, building cangction and structural positioningvere done so as to take
advantage of maximiag solar heating potentia.Common techniques of consiction included

the use ofsouth-facing windows to capture thadzy Q& & | Tedéayi Kerhaps the most
obvious direct application gfassivesolar concepts is with greenhouses used for agricultural or
horticultural purposes.

The scientific advances of thast two and one half centuries have propelled solar technology
AyiG2 YFrAYadNBlIY SOSNERFE LWL AOF(GA2yao ¢tKS
credited to Swiss naturalist Horace de Saussure, who during the 1760s crehtgdoa that
effectively captured heat within multiple insulated boxes with plate glass windows

o=y

Figure2-2: Rooftop Installation of Solar Thermal and PV Systems in Atlanta, GA
(Photo courtesy of NREL Photographic Information Exchange)

A century and a half later in ¢11800s this application was expanded to metal water tanks

painted black that would heat water when exposed to sunlight on rooftops. In 1891 Clarence
Kemp of Baltimore received a patent for the first commercial solar water heater that was
successfully m&eted under the nameClimaxp ¢CKAAd NBLINBaAaSYGSR (GKS g2
power systen?t

Today, the use of solar panels for heating water are common in certain countries such as
Australia, Isragland Japan, and for certain application such astihgaswimming pool water in

the United States and elsewherdrigure2-2 shows a combination solar thermal system (on
left) and photovoltaic system (on right) at the Georgia Tech Aquatic Center in Atlanta, Georgia.
Asshown inthe illustration, the two tpes of systems have similar outward visual features, and
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it may not be immediately obvious to emergency responders which type of systeynatiee
handling.

While solar thermal power technology was under development, soatas solar electric power
technolagy. In 1839 French scientisEdmond Becquerel discovered a way to convert light into
an electric current usingn electrolyte cell made up @bpper oxide electrodei an electrically
conductive solutioff The photoconductivity of the elementselenium was discovered by
Willoughby Smith in 1873, antD years later Americamventor Charles Frittss credited with
the design of thdirst practical solar celisingseleniumwafers’

The conversion of sunlight intelectrical energy remained a scientf curiosity untilthe
development of a crystal silicon cellin the early 1940s,Russell Ohlat Bell Telephone
Laboratories received a series of patents for thermoeledine devices using high purity fused
silicon that paved the way for the developnteof the modern solar cefi In 1954,a Bell
Laboratories team led byparyl ChapinCalvin Fullerand Gerald Pearsorcreated a crystal
silicon cell that hadyood conversion efficiency (~6% lightelectricity). This resulted in the
first commercial uss of photovoltaics 1955 at remotely located telephone repeaters, and in
the first communications satellites launched in 1958

Photovoltaics soon established itself as the power source of choice for satellites in space, and it
has held this role \eer since. The high cost of the early PV technology has steadily dropped
over the years with increasing advancements in technology updates. Today, phot®yoltaic
O2YY2yfe Y2 dgsfirmly &stalflishedéitZelf &lone of the premier methods of
sustdnable energy and as a realistic alternative to conventional fossil.{iels

Types of Solar Power Systems

CNRBY | O2yadzySNRa adlyRLER2AYGE GKS FTANB aASND
energy when it comes to their own fire statisrand related facilities.However,from the
standpoint of fireground operations at a structural fire, théacus on the topic of solar power

is, for all practical purposes, entirely on solar panelstf@rmal systems (direct heating) and

pK 2 0 2 @ 2(gedierafing Bl€ctricity). Accordingly, thesgo basic methodsare the primary

focus of this reportas illustrated inFigure2-3, types ofsolar power system of interest to the

fire service.

Fire fighters engaged in fireground operations at a strudtfira are most likely to encounter
solar panels on the roof of the structure, since this is normally the area most exposed to
sunlight. The scope of this report includesthkrmal systems andphotovoltaic systems that

are directly supporting the energyse of a particular structureln such a casene solar panels
may be located on the structure (i,eoof) or be immediately adjacent and directly supporting

0 KS 0 dzanergyiuged Tlbis study does not intend to include independent solar power
genemting facilities. An example would be a large array of gremodnted solar panels that
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are directing their combined electrical energy into the power grid for collective consumption by
the community.

Thermalsystems aregenerallyless complicated thaphotovoltaic systems. The basic concept
used by ahermalsystem is touse sunlight tadirectly heat a fluidhat is used to transfer the
thermal energy” Often the fluid is water, and on a structure this may or may not be
connected to an internal stoge tank such as a conventional hot water heater. Fluids other
than water may be used in certain closkwp systems to avoid freezing and enhance the
FftdZARQa KSIFG NI yatTSNI OKFNY OGSNR&aGAOA

= N
Thermal Photovoltaic
Systems Systems

R C— >

Figure2-3: Types ofSolarPower Systens of Interest to theFire Service

Thermal systems areften further recognizedas either passive thermal or active thermal
systems, depending on whether or not they have a pump that actively circulates the fluid. A
common application of a thermal system is to heat swimngpogls, primarily because the fluid
(swimming pool water) and pump (swimming pool filtration system) are already readily
available. The four primary classifications of solar pool collector designs are: plastic panels,
rubber mats, metal panels, and plaspipe systems® The overall risk from thermal systems
presented to fire fighters involved with fireground operations is generally considered to be low.

Marketplace Trends

Solar power is an important source of sustainable alternate energy. The l®péfitarnessing
solar energy often outweigh thbarriers, which most often the initial installation cost. Most
of the common solar energy applications available today are highly reliable, redtige li
maintenance, have minimabperational costs,are sistainable withlimited environmental
impact, reduceour dependence on foreigrenergy sources and provide a léxible and
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adaptable supply opower.* Figure2-4 illustrates a typical residential solar power installation
located in Maine.

P

Flgure2 -4 Typlcal Re5|dent|al Installatlon of a Solar Power System
(Photo courtesy of NREL Photographic Information Exchange)

The overall health of the solar power industry is strong/orldwide solar heating capacity
increased by 15 perceiitom 2007 to 2008and br the first time ever mre renewable energy
than conventional power capacity was added in both United Stareithe European Uniof?

In the United Stategphotovoltaics show strong promise for supporting our future electrical
energy needs.Since earl)2000 theproduction of photovoltaics had been doubling every two
years until 2008 wheit doubledin just one year®

The solar power marketplace in the U.S. has experienced significant gawgththe most
recent decade. This isud to strong consumeramand, rising energy prices from conventional
energy sources, and financial incentives from the federal government, states and utilities.
These factors have resulted the installed cost of consumeited PV systemsleclining
substantially since 1998

The PV market is dominant in a small number of states led by California, but this is expanding as
installations doubled in more than eleven states during 200Be top states in 2008 based on
installedmegawatt MW) capacity of PV installations wer@:) California 178.7; (2) New Jersey

¢ 22.5; (3) Coloradq 21.7; (4) Nevadg 14.9; (5) Hawai 8.6; (6) New Yorg 7.0; (7) Arizong

6.4; (8) Connecticut 5.3; (9) Oregom 4.8; and (10) North Carolirg4.0. The remaining states
accounted for aemulative capacity of 15.9 MW/

Over 62,000 installatins were completed in 200&nd theindustry experienced a growth of 78

percent in 2008 with more than 5.4 gigawaftSW)of capacity in shipmentS Similarly, the
average size of PV system inktabns also increasedduring this time frame Examples
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occuring in 2008 include a 12:6W installation in Nevada and a-MW installation in
Pennsylvania, which together accounted for 5% of the annual installed caffeatityear®® An
example of a larg commercial installation located in Boston, MA is shown in Figiire
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Figure2-5: Example of a Large Solar Power Commercial Installation
(Photo courtesy of NREL Photographic Information Exchange)

Each year in the last decade the manufacture and shitnof components for solar thermal

and photovoltaic solar power systems has increaaed noteworthy rate For solar thermal,

Table 2-1 illustrates solarthermal collector shipments each year from 1998 to 2007
demonstrating the vibrant overall healthf the solarthermal industry in the United StateS
Similarly, the annual U.S. shipment of photovoltaic cells and modules remains strong and has
increased sharply from 1998 through 2007.eTicrease in annual shipments of photovoltaic

cells and modulem peak kilowattover this time period is illustrated in Tabl@2 At this time
indications point to this growth continuing.

Table2-1: Solar Thermal Collector Shipments Annufxtiyn 1998to 20072

ea 000S0 000S0 000S0 ompanie
1998 2,206 360 7,756 28
1999 2,352 537 8,583 29
2000 2,201 496 8,354 26
2001 3,502 840 11,189 26
2002 3,068 659 11,663 27
2003 2,986 518 11,444 26
2004 3,723 813 14,114 24
2005 4,546 1,361 16,041 25
2006 4,244 1,211 20,744 44
2007 3,891 1,376 15,153 60
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Table2-2: Photovoltaic Cell/Modul&hipments Annually from 1998 20072

oo Dme DO pme ota bme Number of

e3 Pea OW3 Pea OW3 Pea OW3 Companies
1998 1,931 35,493 50,562 21
1999 4,784 55,585 76,787 19
2000 8,821 68,382 88,221 21
2001 10,204 61,356 97,666 19
2002 7,297 66,778 112,090 19
2003 9,731 60,693 109,357 20
2004 47,703 102,770 181,116 19
2005 90,981 92,451 226,916 29
2006 173,977 130,757 337,268 41
2007 238,018 237,209 517,684 46

The largestbarrierto the proliferation of PV technology is its initial cost, and reducing this cost
will further promote its widespread use. This obstakblages directly on the maracturing
processusedto create the solar cells anglated technologycomponents. Intense research is
under way that is focusing on improved processes to reasonably manufacture PV solar cells,
and in the coming years it is anticipated that the affordip of PV solar systems will
improve®*

Theattractivenessof solar power i©f coursedependent on the available sunlightHowever,

the cost of purchasing electricityends to be a greater marketplace influence, which is why
some of the states witlhess than ideal optimum sunlight rank high on the list of states with the
most installations. For example, New Jersey, New York, Connecticut, Oregon, and North
Carolina all ranked in the top ten among states with the most installed MW capacity in 2008,
despite ranking lower in terms of annual total sunshinEurther, certain states (e.gCalifornia)

and certain regions within states hawggressivdegislation and active incentive programs
promoting the use of solar and other sustainable forms of altémeaenergy. Therefore, fire
FAIKISNE aK2dzZ R y20 FaadzyS GKSe& 62y Qi SyO02q
jurisdiction is in an area of the U.S. lacking a reputation for abundant sunshine.

An example of a proactivel I 4GS | OG A OR B 2NIAAl  G{K2SE FANOFLEY A GAL
provides significant rebate incentives through selected participating public utilities to promote
the use of solar energy Table2-3 illustrates the growth of solar energy systems in California
from 1981 through2008, and the impact of two major legislative initiatives to promote its use
that were initiatedin 1998 and 200,/respectively. In 2010, an estimated one percent of all
buildings in California have some type of solar power sysfeffihe program startedn 1998
focused on incentives for stimulating utilities to broaden their use of solar energy, while the
independent 2007 program additionally addresses consubased incentives.
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Table2-3: California GrigConnected Photovoltaic Systerh881¢2008>’

Year Total Kilowatts
1981 37 1995 4,193
1982 75 1996 5,046
1983 86 1997 5,465
1984 1,231 1998 6,263
1985 1,245 1999 7,228
1986 2,217 2000 8,929
1987 2,217 2001 15,180
1988 2,221 2002 29,820
1989 2,280 2003 58,460
1990 2,295 2004 95,984
1991 2,312 2005 139,516
1992 2,801 2006 198,257
1993 4,064 2007 279,463
1994 4,606 2008 449,216

All corners of planet Earth have somm@mber of sunny daysnd thus this technology can be
found virtually everywhere The renoteness and ease of access to an area also provide a
strong motivation for using solar power, and it is ideal where delivery of conventional fuels is
very difficult. For this reason solar power has been the energy source of choice for the space
exploration program, as well as isolatedifficult to access sitesuch astelephone repeater
stations on mountairtops and other remote locations

As solar power technology is enhancédvill reduce the complexities of installation and make
system installatio more readily available in the broad consumer marketplace. This raises the
guestions regarding ne@EMtype (OEM: Original Equipment Manufacturanstallations by
unregulated consumers (i.epurchase of selinstall kits from a local hardware store).
Additional monitoring by safety professionalmay ultimately be requiredo assure safe and
proper installations for occupants and emergency first respondetdnregulated private
occupant installationgaise questions that are nonecessarilywithin the present regulatory
infrastructure (e.g.via building and/or electrical permits)Furtherattention to this issuewill

likely be requiredhsthese seHinstalled systems beconmaore common.

The convenience of an energy source that minimizes the needefgemishment is highly
attractive. For example, solar power has already replaced small batteries in various
convenience items such as wristwatches and calculators, thus greatly extending their lifespan
without the need to replenish the power source (j.battery). Another example includesenv

motor vzghiclesthat are considering solar energy collectors to supplement their electrical power
system

Use of solar power for emergency preparedness and disaster planning is an obvious application

of alternaive energy independent of the electrical power grid. Numerous initiatives are
underway to supplement disaster critical support functions. One example is an initiative to
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establish a PV baakp power supply in the City of Boston for evacuation routesajuhe city
for critical traffic controls, gas station pumps, emergency evacuation repeaters, etc.

Figure2-6: Example of PV Systems Mounted on Fire Appafatus
(Photo courtesy of San Rafael Fire Department)

The utilization of vehiclemounted solar pnels already exists within the fire service. In
particular, an approach gaining traction in California is the installation of fire apparatus PV
systems to address fire apparatus deployment over long periods of time, ge.wildfire
event)®® This proviles them with a dependable electrical power supply for radio operation and
other critical electrical equipment, and supplements the energy provided from conventional
fuels that need periodic replenishment. Fig@6 illustrates PV panels mounted on theof of

fire apparatus in San Rafael, Califorflia

Figure2-7: Example of Fire ‘Station with a Photovoltaic Solar Power System in Missoula, MT
(Photo courtesy of NREL Photographic Information Exchange)

In addition to vehiclanounted systems, fire stains are an integral part of almost all
communities, and these civic structures are possible candidates for solar power system
applications. Multiple examples exist over the last several decades of fire departments that
have effectively installed solar p@r systems on their fire statiorfé>® Figure 27 illustrates an
example of a PV installation at Station Number 4 in Missoula, Montana.
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Fire service facilities in remote areas utilize solar power systems hyarecessity than for cost
savings ossimilar reasons. This is not unusual fdnstallations in the urbatwildland interface
where commercial electric power from the local utilily simply not available Figure2-8
illustrates a PV installation on the Hawley Lookout Towdtich is operated byhe U. S. Forest
Service andocated in the Boise National Forest in Idaho.

e

. o~ P A 9 2 oy ¢ v
SO Tl AN
Figure2-8: Example oPV System at a Remote Fire Lookout Tower in Idaho
(Photo courtesy of NREL Photographic Information Exchange)

The value of solar power systems as a sowtsustainable energy is clear. While the fire
service is obviously interested in clarifying fireground operations for structures equipped with
solar panels, they also have a genuine interest in this technology as a general consumer.

Loss History an@ata

Statistical data indicates that on average 40,270 fire fighters were injured during fireground
operations in the United States annually from 2003 through 2006. Of these injuries, there were
on average 215 fire fighters engagedfieground operation at a building fire whose injuries

g SNBE RdzS (2 £4S {CIUNINKSINEE 21012 F GKS&AS | yydz f
severe injuries* Statistical data from present data collection efforts does not address whether
or not photovoltaic powe systems were involved with any of these occurrences.

The danger of electric shock on the fireground is a real hazard for fire fighEeesmplifying
this hazard is a report containingirty-two specific incident§rom the Fire Fighter Near Miss
Databasefor the calendar years 2005 and 2086 Theseincident reportsprovide anecdotal
information on actual incidents involving fire fighters exposed to electric shdtkile these
are useful case studigthe level of detail irthese reportsdoes not alvays include the type or
source of the specific electrical equipment involved, and none of these repwetdions the
involvement d a solar power system.
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To facilitate a review of loss informatiortrigctural fires involving solar power systems can be
one of three basic types depending on the point of ignitiothese arg(1) an external exposure
fire to a building equipped with a solar power systgi@) a fire originating within a structure
from other than the solar systenar (3) a fire originating irthe solarpower systemas the point

of ignition.

Detailed loss information to support each of these scenarios is lacking due to the relative
newness of this technology. Traditional fire loss statistics such as NFIRS (National Fire Incident
Reporting Sstem) handled by the U.S. Fire Administration and FIDO (Fire Incident Data
Organization) administered by the National Fire Protection Association, do not provide the
necessary level of detail to distinguish the relatively recent technologies of solar power
systems. Areliminary scarof the NFIRSda@@A St R& nn AYOARSyida (KLl
manner, but a detailed review indicates that most are not applicable and involve fires that
started with sunlight through glass, landscape lighteng non-structural fires such as vehicles,
vegetation, rubbish, etc Further, proprietary information may exist with certain insurance
companies and similar loss control organizations, thig is typicallyfocused on their specific
constituents and transparent da summaries ar@ot known to be readily available.

In summary, statistical data involving solar power systésnsot readily availableto provide
guantifiable data analysief these systems We do however,have quantifiable data on the
number of structire fires in the United States each year. For example, in 2007 there were
530,500 structure fires resulting in 3,000 deaths, 15,350 injuaes $10.6 billion in direct
property loss Of these fires, oneand twofamily homes accounted for 399,000 fire% 865
deaths, 13,600 injuriend $7.4 blion in direct property los&® While the actual percentage of
overall buildings with solar power systerasd those involved with fireemainsa quantifiably
mystery, we have a generatxpectationof how the data will likely trend in the future As solar
power systems continue to proliferatehe likelihood of fire fighters encountering them at a
structural firewill similarly increase

Fire service emergenci&gll more likelybe responding tosmaller instdhtionscommonly found

on residences and similaoccupanciessince they compriseY 2 & 2 T insiaaohse Q &
However, large commercial systems will égually noteworthy since even though they will be
encountered much less frequent(gue to fewer oveall installatiors), they present unique fire
fighting challengethat will require special tactical and strategic considerations

Several Individual fire reports of specific events abde to supplemenbur understanding of
fires involvingsolar power sgtems Comparatively, there are very few incident$ fires
originating with or directly involving solar power systemhis implies that the solar power
industry has a relatively good record when it comes to their equipment and components
contributing © the source of ignition. The following seven reported incidents provide
information ondistinctly differentfire emergencyscenarios.
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The firstof theseincidentsinvolveda residential structure fire in Colorado during May 1980.
This involved &olar thermal system on a new unoccupied home with a small fire starting in a
solar module due to faultinsulation materials The fire resulted in minimal damage, but it did
raise concernabout this particular module design and its ability to properly enduhe t
anticipated heat and weather conditioi5®* This fire occurred in 1980 and in the three
decades singssignificant advances have been made with the components and materials in this
type of application.

Figure2-9: Type of Arrays Involved in M&p08 CA Incidefit
(Photo courtesy of Matt Paiss, San Jose CA)

The second incident involved photovoltaic panels in May 2008 on a structure &trtiversity

of San FranciscoFigure2-9 provides an illustration of the type of arrays involved in thisray
which was a relatively extensive installation and had the potential for significant fire spread.
However, the building engineers aite werecertified to handle high voltageand the local
electrical utility crew also arrived early in the event, aheéy took multiple steps to isolate
energized conductors and power down the system, allowing responding fire fighters to
extinguish the fire in one of the combiner boxes using portable extinguishers and a blanket of
foam. Property damage was kept to themponents of the solar power system involved in the
fire, with minimal damage to the host buildifty

The third fire of interest occurreth February 2009 at a California residersmpuipped with a
newly installedphotovokaic system The system wasetil to the grid and was installed under
cloudy conditions, and turned on prior to receiving a final electrical inspection. The system
remained in an underpowered mode of operation for an extended stretch of rainy days. Ten
days after the installation wheaxposed to full sunlight conditions, the system caught fire due
to an electricaimalfundion. Damage was limited to the rotdp system components.

A fourth fire occurred in a PV solar module installed on the roof of a home in California during

March 2M@9. Unlike the residential fire in Colorado that involved a solar thermal system, this
fire involved electrical arcing with a photovoltaic module that initiated the fire. This fire
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resulted in minimal damage to the residendayt portions of the solar sgtem required
replacement™

The fifth fire occurred in California during April 2009 and involved a large PV solar array
comprised of 166 strings of 11 modules each on the roof of a department.&tdrigure2-10
illustrates the solar power system iolved in this event.

A diagram of the rooftop installation is shown in Figlsgl, and thish f £ dza G NI S & K2 ¢
FNNJI @a¢ Ay (GSN¥a& 2 Fareindt SeceBIK NA X 6 O2PA X BN BgzNI @
electrically connected arrays Explained in another way, theeparatestrings of 11 modules
each is based on their electrical interconnections, and these do not directly equate to physical
strings of 11 modules in aingle individual row. This can cause confusion as emergency
responders attempt to work with electrical system experts to isolate the system.

erslSieisies
u

Figure2-11: Diagram of Roobp System in April 2009 CA Incid&nt
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Two separate electrical fires broke ogmote from each otherand were caused by electrical
arcing (ne ofthese firesconsumed a complete string of solar modules. The resulting two
Ff£FNY FANBE 61 & O2yFAYSR (G2 GKS &2t NJ Y2RdzZ S
materials. Thearcing occurred when metal electrical conduits separated at their couptings

to significant contraction and expansidrom sunlight, which exposed wiring that ultimately
shorted. Figure 212 illustrates one of the arrays damaged by fire.

The fire department was challenged bthe lack of accessible means to readily isolate the
modules on fire. This fire occurred on a bright sunny day, and the modules continued to
generate electricity thoughout the event with no means available to isolate them oipdever
them. The electrical energy generated at the time of the fire by the system was appreciable
and dangerous, and fortunately no injuries occurredilthough the installation met the
requirements of the applicable electrical code, this evemdicates a need to revise code
requirements toprovide emergency responders witippropriate measures to readily isolate
solar modules.

A sixth fire incident occurred in March 2010 and involved PV system at a residential
occupancy in Maryland First arriving units reported that they hasmoke andfire venting
throughthe roof, butthey soonrealized the fire was confined only to the rooftop solar panels
after findingno smoke or fire within thestructure. The fire was effectively controlled with a
hose stream from the ground. Indications are that leaves and similar debris around and
dzy RSNY Sl 0K (GKS az2ftF N LI ySta O2yydNgravides &R {0 2
illustration of thefire scene.
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The seventh fire occurred in a photovoltaic solar power system located on a residential
occupancy in Southern California during April 2010. This fire was the result of arcaldatslt
within the inverter unit, andit resulted in an estimated $4,000 in damage aralinjuries®
Despite relatively minimal damage, the event gained attentioe to thechallengeto the fire
department to fully extinguish the firshile they attenpted to safelyremove electrical power
that was generatedby sunlightpowering the photovoltaic panelsThe fire department kept the
small fire effectively contained within the inverter unit for several hoarsd eventually fully
extinguished the fire aér locatingand obtainng the assistance of a properly credentialed and
equipped electrician to assist with removing the electrical power.

One issue ot yet addressed andhcluded inthe identified loss datais the potential future
impact of solar powersystems on the spread of wildlahgdban interface fires. In recent
decades theséargescalefires have increased ifilequencyand their loss magnitude has been
enormous, dwarfing other traditional fire eventsSomeof these incidents have involved vast
areas of vegetation anithcluded the loss dfundreds of structures.

Concern exists on the ability of structures to withstand the onslaught of a wildland fire in these
interface areas, which is testimony to the requirements of NFPA 13#hdard for Bducing
Structurelgnition Hazards from Wildland Fiteat wasoriginally issued in 193% The ability of

a structure to resist an encroaching wildfiiecludingflying brand$is a critical defense for the
wildland urban interfacefires, and how solapanels resist or fail to resist the fire attack is
important. At this time, however, no data has been compiled nor any specific known losses
recorded that indicate the impact of rooftogolar power syste for wildlandurban interface
events.
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More speciically t is unknown how rooftop solar panels perform when exposed to radiant heat
or flying brands of an approaching wildland fire. Fire protection professionals have for many
decades foughto prohibit building construction that usesertain types of rofing materials

(e.g, untreated wood shingleg)nable to resist buildingo-building conflagrations. This has led

to roofing material standards to protect from exposure fires such as ASTM Btad8ard Test
Methods for Fire Tests of Roof Coveritlgs

Certain giestions remain unanswereaboutthe performance characteristics of roofs equipped
with solar power systemand their abilityto withstand external fire exposureOne recent
research project through Underwriters Laboratories has further expldires topic,but this
work is still in progress arttie resultsare currently pending

Information Resources

Solar power system installations hawteadily grown in numbers the first full decade of the

21st century. Factors contributing to thisogrth include strong consumer demand, rising
energy prices from conventional energy sources, and financial incentives from the federal
government, statesand utilities® This has resulted in the development of multiple resources
available from governmengntities, independent membership associations, and other similar
broad-based organizations.

A useful resourceaddressingPV installations is the Open PV Project administered by the
National Renewable Energy Laboratory (NREL), which prowmtkes ofcurrent PV market
trends as well as specific details on existigs. photovoltaic installations® The Open PV
Project is a collaborative effort between government, industry, and the public that provides a
communitydriven database of PV installations. utilizes a comprehensive wdiased data
collection process focusing on PV installation data for the United States. Its goal is to collect,
organize and distribute knowledge addressing the location, size,,@sl commissioning date

of all U.S. PV instations.

The Open PV Project utilizes an active eailection approach that isontinually gathering
input from contributing sources. Trend information starts in the year 2000, and NREL
administrators bolsterthe collection efforts by using data fromrganizations such as large
utilities and staterun incentive programs. The ongoing data compilation process includes
multiple features to enhance quality and screen duplicates, although they acknowledge that
statistics, rankings, and other estimates anelyoestimates and do not represent the actual
current market status. Figur2a 14 illustratesinformation from the Open PV Project located at
openpv.nrel.gov In the future it is hoped thabther private and goverment databases that
track permitsand similar information (i.ethrough building departments and fire departmeits

will be able todirectly contribute to the Open PV Project and other-lme tracking efforts
focused on this topic
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http://www.openpv.nrel.gov/

Figure2-14:Exampl ¥ LY T2 NX | GA 2y F NP Y opérfodnrefighyPISy t =+

A few local jurisdictions track the solar power systems installations within their domain, and
this provides useful information for emergency respers with their fire emergency pre
planning efforts. An example of one such jurisdiction is the Building Department in the City of
San Francisco. They provide useful information on the installations located throughout the city,
including detailed casetwlies of selected solar power systems. This information is readily
available on a websitesf.solarmap.orly and Figure€-15 provides an example of this particular
web-based resourc&® Other cities have similaweb-based inventories, such as San Diego,
which is considered to have the most Megawatt capacity among U.S City based jurisdictions.

Figure2-15: Website Exampléor Local Solar Powe&ystemgat sf.solarmap.ory®
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